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ABSTRACT: 

PURPOSE * To obtain a floating gate transistor, and a fabrication method 
thereof in which a refresh time appropriate for a DRAM, comprising a 
floating gate transistor can be ensured. 

CONSTITUTION: A gate insulation film comprising a dielectric film 4 and 
an SiC film 5 is provided on a silicon substrate 1 and a floating 
gate 6 is provided on the gate insulation film. The dielectric film 4 
is provided at least one of the interface between the SiC film 5 and 
the silicon substrate 1 and the interface between the SiC film 5 and 
the floating gate 6. Thickness of the dielectric film 4 is set 
such that the tunnel conduction prevails. 
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Abstract 



Purpose 



To provide a floating gate transistor and its fabrication method wherein the refresh time 
appropriate for a DRAM that includes the floating gate transistor can be ensured. 

Constitution 

A gate insulating film consisting of a dielectric film 4 and an SiC film 5 is deposited on a 
silicon substrate 1, and a floating gate 6 is formed on the gate insulating film. The dielectric film 
4 is deposited at the interface between the SiC film 5 and the silicon substrate 1 and/or the 
interface between the SiC film 5 and the floating gate 6. The thickness of the dielectric film 4 is 
set to a thickness so that the tunnel conduction prevails. 
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A cross section showing the floating gate transistor of the present invention 

p-type silicon semiconductor substrate 

Source 

Drain 

Si02 film 
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5 P-SiCfilm 

6 Polysilicon floating gate 

7 SiOa film 

8 Control gate 

9 Source electrode 

10 Drain electrode 

Claims 

1. A floating gate transistor characterized by the fact that a gate insulating film consisting 
of a dielectric film and an SiC film is deposited on a silicon substrate and the floating gate is 
formed on the above-mentioned gate insulating film, wherein the above-mentioned dielectric 
film is deposited at the interface between the above-mentioned SiC film and/or the 
above-mentioned silicon substrate and the interface between the above-mentioned SiC film and 
the above-mentioned floating gate; and by the fact that the thickness of the above-mentioned 
dielectric film is such that tunnel conduction prevails. 

2. The floating gate transistor of Claim 1 characterized by the fact that Si0 2 , SiN x , or 
SiOxNy is used as the above-mentioned dielectric film. 

3. The floating gate transistor of Claim 1 or 2 characterized by the fact that the thickness 
of the above-mentioned dielectric film is 3 nm or less. 

4. A floating gate transistor fabrication method characterized by the fact that an SiC film 
is deposited on a silicon substrate and an Si0 2 film is formed by thermal oxidation in an 
oxidizing atmosphere with a thickness that allows tunnel conduction to prevail at the interface 
between the above-mentioned silicon substrate and the above-mentioned SiC film. 

5. A floating gate transistor fabrication method, characterized by the fact that an SiC film 
is deposited on a silicon substrate, oxygen ions are implanted in the above-mentioned SiC film, 
and an SiCfe film is formed to an appropriate thickness by carrying out a heat treatment so that 
tunnel conduction prevails at the interface between the above-mentioned silicon substrate and the 
above-mentioned SiC film. 

6. A floating gate transistor fabrication method, characterized by the fact that a dielectric 
film is formed on a silicon substrate with a thickness that allows tunnel conduction to prevail, 
followed by deposition of an SiC film on the above-mentioned dielectric film. 

7. A floating gate transistor fabrication method, characterized by the fact that an SiC film 
is deposited on a silicon substrate and a dielectric film is formed on the surface of the 
above-mentioned SiC film. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a floating gate transistor and its fabrication method; in 
particular, it pertains to a floating gate transistor used in a DRAM (dynamic random-access 
memory) and its fabrication method. 

[0002] 

Recently, along with the improvement in the integration level of semiconductor storage 
devices, stack type capacitors, film type capacitors, and trench type capacitors have been used in 
DRAMs or volatile memory elements, whose manufacturing processes are complex. Moreover, 
it has been difficult to increase capacitance. 

[0003] 

In order to increase the capacitor capacitance, it has been proposed that an insulating film 
with high permittivity be used as the dielectric film for the capacitor; however, along with the 
miniaturization, that is, the thinning of layers of the capacitor using the insulating film with high 
permittivity, the leakage current is increased. The goal of a 4-Gb DRAM has not been realized. 

[0004] 

On the other hand, a nonvolatile memory such as EEPROM (Electrically Erasable 
Programmable Read-Only Memory) and FLASH memory, which does not require capacitors, 
has a slow charge injection speed or charge erasure speed and cannot be used as a DRAM. 

[0005] 

In other words, in an ordinary nonvolatile floating gate transistor, a SiN x film with a 
forbidden band smaller than that of an SiCb film is used as a gate insulating film to reduce the 
applied voltage and the write time at the time of writing. However, since the applied voltage at 
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the time of writing is still high and the write time is long, the transistor cannot be used as a 
DRAM. 

[0006] 

Also, in order to reduce the applied voltage and the write time at the time of writing, a 
material with a small forbidden band such as p-SiC (E g = 2.2 eV) may be used as a gate 
insulating film, or the thickness of the gate insulating film may be set to 3 nm or less. However, 
since the purpose of the nonvolatile memory is to permanently preserve injected charge, the 
diffusion current and the tunnel current are not negligible in such a material with such a 
thickness, so that it cannot be used as nonvolatile memory suitable for practical use. 

[0007] 

Accordingly, the present inventors have proposed that a floating gate transistor be used in 
a DRAM to solve the aforementioned problem (Japanese Patent Application No. 
Hei 6[1994]-121339). Referring to Figure 3, the proposal is explained. 

[0008] 

In the floating gate transistor shown in Figure 3, a P-SiC film 5 with a thickness of 10 nm 
is used as the gate insulating film between the source 2 and drain 3 formed on a p-type silicon 
semiconductor substrate 1, and polysilicon floating gate 6 with a thickness of 200 nm, SiCh film 
7 with a thickness of 5 nm as an interlayer insulating film, and control gate 8 are formed on it. 
Also, 9 and 10 are respectively the source electrode and the drain electrode. 

[0009] 

In this case, since the height of an electron barrier due to the difference in electron 
affinity to silicon of the p-SiC (electron affinity: 3.47 eV) is 0.55 eV, it meets the condition of 
0.5-1.2 eV which is the height of the electron barrier in the case where the floating gate transistor 
is used as a DRAM. 
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[0010] 

Also, if the height of the energy barrier is 0.5 eV or less, since injected charge (electrons) 
escape as diffusion current in a very short time, a practical refresh time cannot be 
set. Also, if the height of the energy barrier is 1.2 eV or more, the write time is lengthened to an 
impractical extent. 

[0011] 

Also, since P-SiC can be epitaxially deposited directly on the silicon substrate, it is 
highly compatible with current VLSI manufacturing techniques. 

[0012] 

Also, a structure similar to the above-mentioned proposal by these inventors, a 
nonvolatile memory (see Japanese Kokai Patent Application No. Sho 56[1981]-56677) in which 
a double insulating film consisting of an S1O2 film and an SiC film is used, is known. 

[0013] 

However, the nonvolatile memory holds a trap for the charge at the SiC/Si02 interface or 
at the SiC itself. In this case, the Si0 2 film is set to a thickness so that the tunnel conduction does 
not prevail, and it holds the injected charge utilizing a high insulation of the Si02 film. Thus, the 
essence is different from that of the above-mentioned proposal. 

[0014] 

Problem to be solved by the invention 

However, although P-SiC meets the requirement of 0.5-1.2 eV, which is the required 
height of the electron barrier when a floating gate transistor is used as a DRAM, since the height 
of the electron barrier is 0.55 eV, which is close to the lower limit, the charge retention time is 
reduced, so that an appropriate refresh time cannot be realized. 
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[0015] 

In order to realize an appropriate refresh time, although an electron barrier height of 
about 0.85 eV was required, since an appropriate material which had good compatibility with 
current VLSI manufacturing techniques and which had an electron affinity difference of about 
0.85 eV from silicon could not be found, it was difficult to use other materials besides P-SiC as 

the gate insulating film. 
[0016] 

Therefore, the purpose of the present invention is to secure an appropriate refresh time of 
a DRAM consisting of a floating gate transistor using a P-SiC with a good compatibility with 
current VLSI manufacturing processes. 

[0017] 

Means to solve the problem 

The present invention is characterized by the fact that in a floating gate transistor in 
which a gate insulating film consisting of a dielectric film (4 in Figure 1) and an SiC film (5 in 
Figure 1) is formed on a silicon substrate (1 in Figure 1) and in which the floating gate (6 in 
Figure 1) is formed on the above-mentioned gate insulating film, the above-mentioned dielectric 
film (4 in Figure 1) is formed at the interface between the above-mentioned SiC film (5 in 
Figure 1) and the above-mentioned silicon substrate (1 in Figure 1) and/or the interface between 
the above-mentioned SiC film (5 in Figure 1) and the above-mentioned floating gate (6 in 
Figure 1); and by the fact that the thickness of the above-mentioned dielectric film (4 in Figure 
1 ) is such that tunnel conduction prevails. 

[0018] 

Also, the present invention is characterized by the fact that SiCh, SiN x , or SiO x N y is used 
as the dielectric film (4 in Figure I). Also, the present invention is characterized by the fact that 
the thickness of the dielectric film (4 in Figure 1) is set to 3 nm or less. 
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[0019] 

Also, the present invention is characterized by a floating gate transistor fabrication 
method wherein an SiC film (5 in Figure 1) is deposited on a silicon substrate (1 in Figure 1) and 
an SiCh film (4 in Figure 1) is formed by a thermal oxidation in an oxidizing atmosphere to such 
a thickness that tunnel conduction prevails at the interface between the silicon substrate (1 in 
Figure 1) and the SiC film (5 in Figure 1). 

[0020] 

Also, the present invention is characterized by a floating gate transistor fabrication 
method wherein an SiC film (5 in Figure 1) is deposited on a silicon substrate (1 in Figure 1), 
oxygen ions are implanted in the above-mentioned film, and an Si0 2 film (4 in Figure 1) is 
formed to an appropriate thickness by carrying out heat treatment so that tunnel conduction 
prevails at the interface between the silicon substrate (1 in Figure 1) and the SiC film (5 in 
Figure 1). 

[0021] 

Also, the present invention is characterized by a floating gate transistor fabrication 
method, wherein a dielectric film (4 in Figure 1) is formed on a silicon substrate (1 in Figure 1) 
with a thickness that allows tunnel conduction to prevail, followed by deposition of an SiC film 
(5 in Figure 1) on the dielectric film. 

[0022] 

Also, the present invention is characterized by a floating gate transistor fabrication 
method, wherein an SiC film (5 in Figure 1) is deposited on a silicon substrate (1 in Figure 1) 
and a dielectric film is formed on the surface. 

[0023] 

Function 



The electron barrier to silicon of the silicon substrate is higher than that of SiC, and a 
dielectric film, with a thickness that is set so that tunnel conduction can prevail, and an SiC fi 
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are sequentially laminated, so that a gate insulating film is formed. Thus, the height of the 
effective electron barrier can be raised, so that the electron storage time, that is, the refresh time 
for a DRAM, can be set to a practical value. 



[0024] 

Also, since Si0 2 , SiN x , or SiO x N y is used as the dielectric film, compatibility with silicon 
processing techniques is good, and the interfacial characteristics with the substrate can be 
improved, so that the electron storage time can be set to an appropriate time. 



[0025] 

Also, if the thickness of the dielectric film is set to 3 nm or less, since electrons, due 
their quantum-mechanical nature, can tunnel, the tunnel current controls the conduction in tl 
dielectric film, so that the electrons essentially are unaffected by the height of the electron 
barrier of the dielectric film. Thus, the DRAM can be operated without using the properties 
insulating film. Also, if the thickness of the dielectric film exceeds the thickness at which 
tunneling by electrons is possible, the memory changes to an ordinary floating gate type 
nonvolatile memory. 



[0026] 

Also, after the SiC film is deposited on the silicon substrate, oxygen in the atmosphere 
passes through the SiC film by thermal oxidation in an oxidizing atmosphere and arrives at the 
interface between the silicon substrate and the SiC film, so that the S1O2 film, with a thickness 
which the tunnel conduction prevails, can be slowly formed. Thus, the interface characteristics 
are excellent. 



[0027] 

Also, the SiC film is deposited on the silicon substrate, and oxygen ions are implanted 
therein. With heat treatment, the Si0 2 film with a thickness, at which tunnel conduction prevails 
can be formed at the interface between the silicon substrate and the SiC film with good control o 
the process. 
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[0028] 

Also, the basic principle of the present invention is the combination of the SiC film and 
the dielectric film with a thickness at which tunnel conduction prevails, and the formation 
sequence is irrelevant. Thus, the SiC film may be deposited after the dielectric film is formed on 
the silicon substrate, or the dielectric film may be formed after the SiC film is deposited. Thus, 
the flexibility of the fabrication processes can be increased. 



[0029] 



Application examples 

The floating gate transistor of an application example of the present invention will 
explained with reference to Figure 1 . Figure 1 is a cross section showing the main parts of 
floating gate transistor, and in actuality, many floating gate transistors can be arranged in i 
form. 



[0030] 



See Figure 1 

First, an Si0 2 film 4 with a thickness of 1 nm is formed on the surface of a p-type silicon 
semiconductor substrate 1 with an impurity concentration of 5 x 10 16 an 3 by thermal oxidation, 
and P-SiC film 5 with a thickness of 9 nm, polysilicon floating gate 6 with a thickness of 200 
nm, Si0 2 film 7 with a thickness of 10 nm as an interlayer insulating film, and control gate 8 are 
deposited by the chemical vapor deposition method (CVD method). In this case, since an Si/Si0 2 
interface, whose process technology is improved, is used as the interface with the silicon 
substrate, a good interface with a low trap level is obtained. 



[0031] 

Also, in this case, the growth condition of the p-SiC film 5 is a substrate temperature of 
800-1000°C, preferably 900°C, and a mixed gas of acetylene (C 2 H 2 ) and disilane (Si 2 He) is use. 
as the raw material gas. Also, the total pressure of the carrier gas is set to 200 Pa by using H 2 oi 
He. Thus, polycrystalline P-SiC is obtained. 
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[0032] 

Next, the control gate 8 for the S1O2 film 4 is patterned so that the gate length is 0.8 ^m 
and that the gate width is 1 jim. Then, n + -type source and drains 2 and 3 are formed in a 
self-aligned state to the gate by ion-implanting As. Finally, a protective film such as PSG film 
and source and drain electrodes 9 and 10 are formed via a contact hole installed-in the protective 
film, so that the floating gate transistor is completed. 

[0033] 

Thus, since the gate insulating film is a combination of the P-SiC film 5, which ensures 
insulation reliability, and the Si02 film 4 has a thickness that does not allow insulation 
characteristics, the charge storage life, that is, the charge retention time, can be controlled by the 
thickness of the Si0 2 film 4. In the application example, since the time can be set to about 1 s, 
the refresh time can be set to a practical value. 

[0034] 

Also, the carriers can be freely input to and output from the SKh film by the tunnel 
current, and charge can be injected into the polysilicon floating gate by using Fowler-Nordheim 
type tunnel injection without using avalanche injection, unlike the nonvolatile memory. 
Therefore, write, read, and erase times are about 10 ns, suitable for a DRAM. 

[0035] 

Next, with reference to Figure 2, the writing, reading, and erasing methods of the 
information of the floating gate transistor will be explained. Also, in this case, the capacitance 
between the control gate and the floating gate is 16 fF (femtoFarad), and the capacitance 
between the floating gate and the silicon substrate is 7 fF. The bit line capacitance during reading 
is 2 pF, and the floating gate potential during writing is - 0.5 V. 

[0036] 

See Figure 2 

First, the case where information is written is explained. For example, when information 
is written into the cell 22 of the figure, the word line 2 is set to 3 V, and the other word lines are 
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set to 1 .5 V. Then, the bit line 2 and the source line 2 are set to 0 V, and the other bit lines and 
source lines are set to 1.5 V. Thus, the voltage between the silicon substrate and the control gate 
is 3 V at the cell 22 and 1.5 or 0 V for the other cells. The information is written only to the cell 
22 with a potential of 3 V by Fowler-Nordheim type tunnel injection. 

[0037] 

Next, the case where the information of the cell 22 is read out is explained. All the bit 
lines are set to 0.5 V, and all the source lines are set to 0 V. The word line 2 is set to 0.5 V, and 
the other word lines are set to 0 V. 

[0038] 

Thus, when the floating gate potential is 0 V, that is, information is not written, the potential of 
the bit lines is lowered. Also, when the floating gate potential is - 0.5 V, that is, information is 
written, the potential of the bit lines is not varied. Thus, the writing of information to the cell 22 
can be detected by the difference. 

[0039] 

Next, the case when information written to the cell 22 is erased will be explained. The bit 
line 2 and the source line 2 are set to 3 V, and the other bit lines and source lines are all set to 1 .5 
V. The word line 2 is set to 0 V, and the other word lines are set to 1.5 V. 

[0040] 

In this case, since the potential difference between the source and drain and the control 
gate is 3 V in only the cell 22 and maximum of 1.5 V for the other cells, electrons stored in the 
cell 22, to which the largest potential difference of 3 V is applied, escape to the source and drain 
side by the Fowler-Nordheim type tunnel injection, so that the floating gate 
potential is 0 V. Thus, the erasure of information of the cell 22 is completed; however, the 
floating gate potential is not varied in the other cells with a small potential difference. 
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[0041] 

Also, in the above-mentioned application example, polycrystalline P-SiC is used as the 
SiC component of the gate insulating film, and other forms of SiC, for example, a-SiC, may also 
be used. Also, a polycrystalline crystal need not be used: amorphous, fine crystal, or possibly, 
monocrystal may also be adopted. 

[0042] 

Also, the present invention is not limited by the numerical values described in the 
application example; for example, the thickness of the Si0 2 film 4 may be 0.5-3.0 nm, the 
thickness of the p-SiC film 5 may be 2-100 nm, the thickness of the polysilicon floating gate 6 
may be 50-400 nm, and the thickness of the SiCfc film 7 may be 4.0-15 nm. 

[0043] 

Also, the impurity concentration of the silicon substrate 1 and the source 2 and drain 3 
may be adopted in a range used as the impurity concentration of an ordinary MISFET, and the 
channel length and the channel width may be adopted in a range of 0.08-1.0 and 0.5-20 jxm. 

[0044] 

Next, a modified application example of the present invention will be explained. In the 
above-mentioned application example, the Si02 film 4 is formed as a gate insulating film by the 
thermal oxidation method before the deposition of the p-SiC film 5; however, it may also be 
deposited by the CVD method. In this case, compared with the thermal oxidation method, the 
insulation withstand voltage of the Si0 2 film is slightly lowered; however, since the floating gate 
transistor of the present invention is not used with a high-voltage drive, there is no problem. 

[0045] 

Also, the SiCh film 4 as the gate insulating film may also be replaced by other dielectric 
films such as SiN x film and SiO x N y film; and in this case, since the forbidden band of the SiN* 
film or SiOxN y film is smaller than the forbidden band of the SiOa film and the probability of 
tunneling is increased, the charge storage time can be controlled by the thickness and the 
forbidden band of the SiN x film or SiO»N y film. 
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(0046] 

In this case, as the interface with the silicon substrate 1, since an interface of Si/SiN x or 
an interface of Si/SiO x N y , whose process technology is improved, is used, a favorable interface 
with a low tunneling level is obtained. 



[0047] 

Also, in this case, the SiN x film may have the same or approximately the same 
stoichiometric ratio as Si 3 N 4 ; that is, the x component of N/Si may be in the range of 1.2-1 
this case, if the x component is too small, the film quality is unstable; too high, the tensile 
is too high. Also, the ratio y/x of N to O in the SiO x N y film is 0.5 or less. 



[0048] 

Also, if an SiN x film or SiO x N y film is used, the improvement in the hot carrier resistance 
due to the nitrogen inclusion, improvement of the insulation reliability, and blocking effect to the 
impurity diffusion are obtained. Furthermore, the film stress can be controlled by appropriately 
selecting the composition ratio. 



[0049] 

Furthermore, if the gate insulating film is a SiN x film or SiO x N y film, the SiN x fib 
SiOxN y film may also be formed by directly nitriding the silicon substrate 1 in a nitrogen 
atmosphere such as an NH3 atmosphere. 



[0050] 

Also, since the basic principle of the present invention is a combination of the P-SiC film 
5, which ensures the insulation reliability, and the insulator film (4 in Figure 1) which is 
deposited to a thickness whereby insulating properties are not exhibited, it is not necessary for 
the dielectric film (4 in Figure 1) to be between the silicon substrate 1 and the p r SiC film 5. After 
the p-SiC film 5 is directly deposited on the silicon substrate 1, the Si0 2 film, SiN x film, or 
SiO x N y film may also be deposited by the CVD method. 
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[0051] 

Furthermore, the dielectric film (4 in Figure 1) such as SiCh may also be formed either 
above or below the P-SiC film 5. In this case, even if defects such as pinholes are generated in 
part of the dielectric film (4 in Figure 1) formed at one side along with the layer thinness, since 
the possibility that defects such as pinholes are generated at the corresponding part of the 
dielectric film formed at the other side is very low, a good-quality gate insulating film can be 
obtained overall, so that the manufacturing yield is improved. 

[0052] 

Also, as a method for forming the dielectric film, the p-SiC film 5 is directly deposited on 
the silicon substrate 1 and heat-treated at a temperature of 800°C or higher in an oxidizing 
atmosphere such as dry 0 2 atmosphere, wet O2 atmosphere, and vapor atmosphere, and the SiOC 
film is formed by oxidizing the surface of the p-SiC film 5. In this case, when the surface of the 
P-SiC film 5 is oxidized, O z simultaneously advances into the interface between the silicon 
substrate 1 and the P-SiC film 5, and the oxidation of the surface of the silicon substrate 1 is also 
slowly advanced. Thus, the trap level, etc., at the interface is little affected, resulting in an 
improvement in the interface characteristics. 

[0053] 

Also, in the oxidizing atmospheres, the oxidation rate is slow in order of the 
above-mentioned dry Cb atmosphere, wet 0 2 atmosphere, and vapor atmosphere. Furthermore, if 
an O3 atmosphere is used instead of the aforementioned oxidizing atmospheres, low-temperature 
oxidation is possible. 

[0054] 

Effect of the invention 

According to the present invention, since a dielectric film in which tunnel conduction 
prevails, and a 0-SiC film that ensures the insulation reliability are used in combination as the 
gate insulating film of the floating gate transistor, a DRAM with a write and read time of about 
10 ns, a charge retention time of about 1 s, and an appropriate refresh time can be formed 
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without a capacitor, thereby contributing significantly to the improvement in the integration level 
of semiconductor storage devices. 

Brief description of the figures 

Figure 1 is a cross section showing the floating gate transistor in an application example 
of the present invention. 

Figure 2 is an illustrative diagram showing a circuit constitution of a capacitorless 
DRAM of an application example of the present invention. 

Figure 3 is a cross section showing a conventional floating gate transistor. 

Explanation of symbols 
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Figure 1. A cross section showing the floating gate transistor of an application example of the 
present invention 
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Figure 2, An illustrative diagram showing a circuit constitution of a capacitoriess DRAM of a 
application example of the present invention 
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Figure 3. A cross section showing a conventional floating gate transistor 
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